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(54) Lateral optical pumping of vertical cavity surface emitting laser 



(57) An optically pumped monolithic VCSEL (verti- 
cal cavity surface emitting laser) architecture is dis- 
closed. The laser structure comprises at least one signal 
VCSEL, at least one pump laser, and transition regions 
between the signal VCSELs and the pump lasers. The 
signal VCSEL is laterally optically pumped by the pump 
laser, which can be electrically or optically pumped. The 
signal VCSEL, the pump laser and the transition region 



all are monolithically integrated onto a common sub- 
strate. The signal VCSEL can be disposed outside or 
inside the pump laser cavity (extra-cavity or intra-cavity 
pumping). The cavity of the pump laser can takes vari- 
ous forms, such as a concave cavity, a confocal cavity, 
or a cylindrical or ellipsoidal form of cavity. Several sig- 
nal VCSEL can be disposed in the focus or focal area 
of the cavity of the pump laser 
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Description 

[0001] The present invention relates to a vertical cav- 
ity surface emitting laser, and particularly relates to an 
improved vertical cavity surface emitting laser architec- 
ture being laterally optically pumped by a pump laser 
which is monolithically integrated with the vertical cavity 
surface emitting laser. 

[0002] Vertical cavity surface emitting lasers (herein- 
after, referred to as VCSEL) are considered desirable 
and are widely used for many optical communications 
applications. However, there have been some difficul- 
ties associated with the fabrication of high efficiency VC- 
SELs For instance, electrical pumping of the gain region 
(active region) of VCSELs can he problematic due to the 
conflicting requirements of the reflective mirrors and the 
electrical injection process. Specifically, the mirrors typ- 
ically need to have higher dielectric properties, while the 
current injection path should be of lower resistance elec- 
trically Therefore, the reflectivity of the mirrors compro- 
mises their conductances, and vice versa. Moreover, 
the electrical pumping of the VCSELs inevitably requires 
p and n dopants inside of the optical cavity, which means 
a reduction in the optical efficiency and, consequently, 
limitation of the output power 

[0003] An alternative measure to overcome these 
problems is optical pumping technology, in which a sep- 
arate pump laser is provided for pumping optically the 
VCSEL, which is called a signal laser with respect to the 
pump laser. This technology usually, however, requires 
separate production and alignment of the pump laser 
and the signal VCSEL. Furthermore, co-axial optical 
pumping of VCSELs is hampered by the constraints 
placed on the mirror filter functions and pump emission 
wavelengths. Further complication and expense arise 
in the hybrid assembly of such systems in achieving the 
required alignment of the pump and signal laser. 
[0004] For example, U.S. Pat. No. 5,513,204 issued 
on April 30, 1996 discloses an optical pumped VCSEL 
configuration as shown in FIG. 1 , where a signal VCSEL 
2 is vertically and coaxially aligned with a pump VCSEL 
4. The optically pumped signal VCSEL 2 consists of an 
active region 2a interposed between a top mirror 2b and 
a bottom mirror 2c and emits a long wavelength radia- 
tion 8. The electrically pumped pump VCSEL, likewise, 
consists of an active region 4a between a pair of mirrors 
4b, 4c and emits a short wavelength radiation 6 as 
pumping light for the active region 2a of the signal VC- 
SEL 2 in fabricating This prior art configuration, co-axial 
alignment is unavoidable between the two VCSELs 2, 
4, and bonding 3 between them, such as optical trans- 
parent adhesive, wafer-fusion or metal-to-metal bond- 
ing is inevitably required All of these consequently lead 
to complicated manufacturing processes and cost in- 
creases Also, in operation, the pumping light 6 must 
pass through the bottom mirror 2c of the signal VCSEL 
2 in order for it to be transmitted to and pump the active 
region 2a of the signal VCSEL 2. Passing of light 6 



through the mirror 2c and the bonding 3 can lead to a 
reduction in the optical efficiency of the pumping light 
due to parasitic reflection, absorption, and so on. in ad- 
dition, high brightness operation of the pump VCSEL 4 

5 is more difficult than for edge emitting lasers, and sep- 
arating the pump 4 from the signal VCSEL 2 enough to 
achieve sufficient thermal isolation may result in ineffi- 
cient illumination of the signal VCSEL 2. 
[0005] In accordance with the present invention, ther 

10 is provided an improved laser device, which comprises 
at least one signal vertical cavity surface emitting laser 
(a signal VCSEL) and at least one pump laser, wherein 
the signal VCSEL is laterally optically pumped by the 
pump laser. Each signal VCSEL has an active region, 

15 an upper mirror, and a lower mirror, and each pump laser 
has a cavity which includes at least one active region. 
Preferably, the pump laser is monolithically integrated 
with the signal VCSEL. 

[0006] The VCSEL laser structure of the invention can 

20 be efficiently pumped by a pump laser, which allows 
greater flexibility in its selection from conventional laser 
architectures. The structure of the invention can be 
made compact, high powered and is easily fabricated. 
[0007] Also, the laser device of the invention may fur- 

25 ther comprise a transition region between the signal VC^- 
SEL and the pump laser The transition region is mono- 
lithically integrated with the signal VCSEL and the pump 
laser as well, and is of higher energy bandgap than the 
pump laser emission energy. The transition region be- 

30 haves as a waveguide for emission from the pump laser, 
as a barrier to the inter-diffusion of charge carriers be- 
tween the pump laser and the signal VCSEL. and as a 
barrier for avoiding thermal crosstalk between the signal 
VCSEL and the pump laser. 

35 [0008] in accordance with one feature of the inven- 
tion, the signal VCSEL may be disposed inside or out- 
side of the cavity of the pump I a serjhereby carrying out 
an intra-cavity or extra-cavity pumping by the pump la- 
ser. Preferably, the pump lasers may be electrically or 

40 optically pumped, or a combination of electrically and 
optically pumped lasers. 

[0009] In accordance with another feature of the in- 
vention, the cavity of the pump laser may be formed with 
plane mirrors Also, the pump laser may comprise a con- 

45 cave cavity formed with curved mirrors so that a pump- 
ing light from the pump laser can be focused onto an 
active region of the signal VCSEL. Preferably, the con- 
cave cavity may include a confocal cavity formed by mir- 
rors having different curvatures from each other The 

so cavity of the pump laser may include a convex cavity 
[0010] In accordance with another feature of the in- 
vention, the cavity of the pump laser may have a cylin- 
drical form. Also, the cavity may have the form of ellip- 
soid, or the form of partial ellipsoid, so that the signal 

55 VCSBL can be disposed at one focal point of the ellip- 
soid and the pump laser in the other focal point of the 
ellipsoid 

[001 1] According to the present invention, there is al- 
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so provided an array of laser devices which comprises 
the laser device described above The array may be one- 
or two-dimensional Furthermore, according to the in- 
vention, there is provided an optoelectronic package 
which includes the laser device described above, where 5 
the laser device may be monolithically integrated with 
the package 

[0012] According to the present invention, there is 
provided a method of operating a VCSEL, which com- 
prises a step of pumping the VCSEL laterally optically 10 
with a light emitted from a pump laser The method fur- 
ther comprises a step of providing a monolithic integra- 
tion of the VCSEL and the pump jaser, Also, the method 
further comprises a step of providing a transition region 
between the VCSEL and the pump laser, in which a 15 
monolithic integration of the VCSEL, the pump laser, 
and the transition region may be provided. 
[0013] According to other features of the invention, 
many possible resonator structures are possible to effi- 
ciently couple the pump laser to the signal VCSEL; the 20 
key attributes are good pumping efficiency, spatially lo- 
calized pumping of the VCSEL, isolation of the heat and 
carriers of the pump laser from the signal VCSEL, low 
optical noise from the VCSEL. While a few of the most 
preferred configurations and methods for producing 25 
them will be presented, such as arrangements of nom- 
inally linear cavities and circular or related cavities, it 
should be understood that there are many other reso- 
nator structures and methods of achieving them without 
departing from the gist of the present invention. There- 30 
fore, the following description indicates desirable exam- 
ples rather than the totality of approaches As is usually 
the case in semiconductor fabrication, the most desira- 
ble method for producing a component many be influ-, 
enced by the equipment at hand: as such the examples 35 
are presented assuming a typical set of equipment for 
fabrication, and do not include exhaustive optimization 
for every manufacturing eventuality. 
[0014] A further understanding of the other features, 
aspects, and advantages of the present inventian will 40 
be realized by reference to the following description, ap- 
pended claims, and accompanying drawings. 
[001 5] The embodiments of the invention will now be 
described with reference to the accompanying draw- 
ings, in which; 45 

Figure 1 is a schematic representation of a prior art 
configuration in which two VCSELs are coaxially 
aligned and physically bonded together; 

50 

Figure 2 is a schematic representation showing a 
conceptual configuration of the present invention; 

Figure 3 is a schematic representation of a first em- 
bodiment with a pump laser monolithically integrat- 55 
ed therewith in accordance with the present inven- 
tion, 



Figure 3a is a transverse sectional view of the Fig- 
ure 3; 

Figure 4 is a schematic representation of a second 
embodiment in accordance with the present inven- 
tion, where a pump laser includes concaved mir- 
rors. 

Figure 5 is a schematic representation of a third em- 
bodiment, in which a pair of active regions are mon- 
olithically integrated therewith in accordance with 
the present invention, 

Figure 5a is a transverse sectional view of the Fig- 
ure 5, and 

Figure 6a is a schematic representation of a. fourth 
embodiment, in which a pair of pump lasers are 
monolithically integrated therewith in accordance 
with the present invention; 

Figure 7 is a schematic representation of a fifth em- 
bodiment, in which a cylindrical shape of pump laser 
is monolithically integrated therewith around a sig- 
nal VCSEL in accordance with the present inven- 
tion; 

Figure 7a is a vertical sectional view of the Figure 7; 

Figure 8 is a schematic representation of a sixth em- 
bodiment, in which an elliptical shape of pump laser 
is monolithically integrated therewith around a sig- 
nal VCSEL in accordance with the present inven- 
tion; 

Figure 8a is a vertical sectional view of the Figure 8; 

Figure 9 is a schematic representation of a seventh 
embodiment, in which the monolithically integrated 
pump laser is configured for extra-cavity pumping 
of the VCSEL signal laser; and 

Figure 9a is a transverse sectional view of the Fig- 
ure 9 

[0016] Before describing specific embodiments of the 
present invention, a -basic concept of the present inven- 
tion will be described with reference to FIG 2, which 
shows a conceptual configuration of the optically 
pumped, vertical cavity surface emitting laser (VCSEL) 
having a lateral emission pump laser that is monolithi- 
cally integrated onto a common substrate in accordance 
with the various principles of the invention. 
[0017] Shown in FIG. 2 is a laser device 10 of The 
invention which comprises a pump laser 40 and a signal 
VCSEL 80, both of which are monolithically integrated 
into one piece onto a common substrate 20. The pump 
laser 40 may be an electrically or optically pumped, lat- 
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eral emission laser, which constitutes an active region 
42 sandwiched between two spacer or electric contacts, 
and reflective mirrors (not shown in FIG. 2) as in con- 
ventional electrically or optically pumped lasers. As will 
be understood by those skilled in the art, the reflective 
mirrors may be selected from a variety of choices such 
as a reflective surface, Bragg reflectors, photonic lattic- 
es or their variations. The signal VCSEL 80 includes an 
active region 82 interposed between an upper mirror 84 
and a lower mirror 86. The terms "upper mirror" and 
"lower mirror" are well known in this laser device and do 
not require any particular spatial orientation of the de- 
vice when in use. Likewise, these mirrors 84, 86 may be 
realized by many kinds of technologies, such as epitax- 
ial layers, deposited dielectric layers, MEMS devices or 
any combinations of these or similar methods, as long 
as they are functional for the VCSEL operation. More 
specific configurations, functions and materials con- 
cerning the pump laser 40 and the signal VCSEL 80 will 
be described below in greater detail in conjunction with 
various embodiments of the invention. 
[0018] Preferably, the laser device 10 may further 
comprise a transition region 60 between the pump laser 
40 and the signal VCSEL 80, with all of which it is mon- 
olithically integrated onto the substrate 20, As will be 
further described below, the transition region 60 can 
play significant roles, like acting as a waveguide for 
pumping light, as a barrier to the diffusion of charge car- 
riers from the gain region of the pump laser 40 or the 
signal VCSEL 80, and as a barrier against thermal 
crosstalk between the device components. A significant 
feature is that all the above noted components 40, 60, 
80 are monolithically implemented onto the same com- 
mon substrate 20 so that the laser device 1 0 can be 
made compact, more easily fabricated, and more relia- 
ble. 

[0019] Briefly, in the operation of the device as shown 
in FIG. 2, optical radiation is emitted laterally from the 
active region 42 of the pump laser 40 which may be elec- 
trically or optically pumped, and then laterally injected 
into the active region of the signal VCSEL 80. The pump 
laser radiation acts as a pumping light 50 for the signal 
VCSEL 80. At this time, the transition region 60 acrs as 
a waveguide for the pumping light 50. Also, it avoids the 
heat crosstalk between the pump laser 40 and the signal 
VCSEL 80 and the diffusion of charge carriers out of the 
signal VCSEL 80 and the pump laser 40, leading to en- 
hancement in its efficiency Finally, a device output 90 is 
generated from the signal VCSEL 80. More detailed op- 
eration of both intra-pump-cavity and extra-pump-cavity 
will be described below with reference to various em- 
bodiments of the invention. 

[0020] In FIGs. 3 and 3a, a first specific embodiment 
of a monolithically integrated VCSEL is shown, in which 
a signal VCSEL 80 and a pump laser 40 are provided 
on a common substrate 20, and a pair of reflective mir- 
rors 44 for the pump laser are provided at both sides of 
the signal VCSEL 80 to achieve intra-pump-cavity 



pumping of the VCSEL 80. Two transition regions 60 are 
formed between the mirrors 44 as illustrat d in FIGs. 3 
and 3a Accordingly, the active region 82 of the signal 
VCSEL 80, together with the transition regions 60 and 
5 the active region 42 of the pump laser, act as a 
waveguide for the emission from the pump laser 40, i. 
e., as a waveguide for the pumping light 50 as shown in 
FIG. 3a. These components 42, 60, and 82 may be re- 
ferred to as a "waveguide region" for convenience of the 
description. 

[0021] In the embodiment of FIGs 3 and 3a, the active 
region 42 of the pump laser 40, which may be electrically 
or optically pumped, emits radiation. The radiation is 
amplified through stimulated emission while in the 
waveguide region 42, and then travels between the pair 
of mirrors 44 via the waveguide regions 42, 60, 82. While 
traveling between the pair of mirrors 44 as the pumping 
light 50, the radiation is partially absorbed by the active 
region 82 of the signal VCSEL 80. When sufficient pump 
radiation is absorbed in the VCSEL active region 82, the 
VCSEL 80 reaches the threshold condition and begins 
surface normal emission at the VCSEL wavel ngth as 
the device output 90 in FIG. 2. The radiation from the 
pump laser 40 must be of higher energy than that of the 
signal VCSEL 80 and, therefore, must be chosen forthe 
optimum offset, depending on the application and fabri- 
cation technology choices. The pump laser 40 must pro- 
vide the pumping light 50 to a suitable area of the ap- 
propriately configured VCSEL gain region 82 to ensure 
single transverse mode operation of the VCSEL 80 
While the embodiment shown in FIGs. 3 and 3a carries 
out an intra-cavity pumping where the signal VCSEL 80 
is disposed inside of the pump laser 40 cavity, as shown 
in FIGs. 9 and 9a, the signal VCSEL 80 may be disposed 
outside of the pump laser cavity so that an extra-cavity 
pumping can be carried out Further details of the extra- 
cavity pumping will be described hereafter. 
[0022] As those^kiHed in the art will understand, the 
various components of the device need to be sufficiently 
compatible to allow the monolithic integration, while be- 
ing differentiated by their required functions. For exam- 
ple, the signal VCSEL 80 should have the layers de- 
signed for low optical losses, since the single pass gain 
is not large, and so, for example, should not have sub- 
stantial p dopant concentration in the optical path, while 
the pump laser 40 requires the p doping for efficient 
electrical pumping. Optimum pump laser efficiency can 
be achieved when the active region 82 of the signal VC- 
SEL 80 acts as a proper waveguide for the pumping light 
50. The transition waveguide regions 60 and their inter- 
face with the VCSEL 80 should have low absorption and 
scattering losses forthe pumping light (radiation) 50 and 
VCSEL radiation. These aspects of the transition region 
60 can be realized through various processing methods, 
such as a conceptually straightforward multistage epi- 
taxial growth of specifically designed layers, while other 
methods could involve selective bandgap modification 
through, for example, quantum well intermixing proC- 
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esses and p dopant diffusion, or various combinations 
of such processes. 

[0023] Also, effective operation of the invention re- 
quires several design considerations, including optimiz- 
ing the reflective mirror stacks 84, 86 for the signal VC- 5 
SEL 80, positioning the active region 82 of the signal 
VCSEL at the optimum position relative to the standing 
wave resonating in the VCSEL cavity, ensuring the tran- 
sition waveguide region 60 does not introduce substan- 
tial loss to the VCSEL mode or to the pump radiation, 10 
ensuring the radiation energy of the pump laser 40 ef- 
fectively pumps the signal VCSEL 80, and producing a 
simple stable lateral pump laser cavity. As will be under- 
stood by those skilled in the art, these requirements for 
embodying the invention can be met by selecting appro- 15 
priately from many conventional laser fabrication tech- 
nologies and materials. Also,, any conventional laser 
processing, such as the selective etching and epitaxial 
regrowth technology, can be used in order to fabricate 
the monolithic lateral optical pumping VCSEL of the in- 20 
vention. 

[0024] In Fig 4, a second embodiment of the mono- 
lithic optical pump VCSEL is shown, in which all the por- 
tions of it are the same as the first embodiment illustrat- 
ed in FIG. 3 and 3a, with exception of the shape of re- 25 
flective mirrors for the pump laser 40 As seen in FIG. 4, 
the mirrors 44a are concaved toward the active region 
82 of the signal VCSEL 80 so that the pumping light 50 
can be effectively concentrated onto the active region 
of the signal VCSEL 80 so as to pump it efficiently The 30 
operation is similar to that of the first embodiment, ex- 
cept for the efficient focusing of pumping light onto the 
signal VCSEL to help control lateral modes of both the 
signal and pump lasers. The two mirrors 44a need not 
have the same radius of curvature the requirement is 35 
that the foci of the two mirrors be placed relative to each 
other (nominally coincident) to provide an efficient, low 
intensity noise pump laser. Tolerances and tradeoffs in 
the designed position of the mirrors and foci are availa- 
ble from various texts on laser resonator design and are *o 
well known to laser designers. 

[0025] Fig. 5 and 5a illustrate a third embodiment of 
monolithic optical pump VCSEL configuration. In this 
embodiment, the pump lasers 40 is fabricated with two 
active regions 42 monolithically provided onto the same 45 
substrate 20 together with a signal VCSEL 80 and tran- 
sition regions 60, and the remaining portions are similar 
to the first and second embodiments as shown in FIG. 
3 and 3a, and FIG, 4 respectively, As depicted in FIG. 
5a, the signal VCSEL 80 is placed at the center of the 50 
symmetric pump laser cavity, within the mirrors 44a- As 
noted above.-however, the signal VCSEL 80 may be dis- 
posed outside of the cavity of the pump laser 40 so that 
an extra-cavity pumping can be accomplished by the 
pump laser. Similarly to the second embodiment of FIG 55 
4, the mirrors 44a may be concaved toward the active 
region 82 of the signal laser 80 for the same reason. In 
this embodiment, however, the two mirrors 44a may 



have different radius of curvatures from each other, so 
that two signal VCSELs may be disposed at each focal 
point of the curved mirrors Namely, a confocal cavity of 
the pump laser may be achieved. Also, it is possible that 
more than two signal VCSELs are disposed in the focal 
area of the concave or confocal cavity of the pump laser. 
The other operational features of this embodiment are 
similar to the previous embodiments, except that the sig- 
nal VCSEL 80 will be more efficiently and powerfully 
pumped due to the action of the two pump gain regions 
42. 

[0026] More than one pump laser may be provided so 
that more controlled and efficient pumping and conse- 
quently a more powerful output of the signal VCSEL can 
be realized. For example, FIG, 6 depicts an embodiment 
in which a pair of pump lasers 40 are provided, where 
the pump lasers 40 may be electrically or optically 
pumped, or a combination of electrically or optically 
pumped lasers. Likewise, the details of each component 
region and their operations are similar to or the same as 
those of the previous embodiments, for example, an ex- 
tra-cavity and/or intra-cavity pumping may be carried 
out by the pump lasers, and the cavity of pump laser 
may include a concave cavity or a confocal cavity. 
[0027] A mirror of cylindrical shape may be provided 
around the signal VCSEL so as to pump it more efficient- 
ly. As is illustrated in FIG. 7, this embodiment includes 
a cylindrically shaped pump laser 40, a cylindrical ly 
shaped mirror 44b provided around the cylindrical pump 
laser, and a signal VCSEL 80 disposed at the center of 
the mirror 44b, so that more efficient and intensive 
pumping of the signal VCSEL 80 can be realized. Like- 
wise, the area between the signal VCSEL 80 and the 
cylindrical pump laser 40 serves to function as a transi- 
tion region 60 which is also monolithically integrated 
with the signal VCSEL 80 and the reflective mirror 44b 
onto the substrate 20, as is illustrated in FIG. 7a which 
is a vertical sectional view of FIG. 7. As will be under- 
stood by those skilled in this art, it is desirable that the 
signal VCSEL 80, the pump laser 40, and the transition 
region 60 is concentric with one another for more effec- 
tive operation of the device. The other operational fea- 
tures of this embodiment will be similar to the previous 
embodiments, for example, except that the signal VC- 
SEL 80 will be more efficiently and intensively pumped 
due to the circular shape of pump laser 40. It is important 
to note that care in the design of the pump resonator is 
required to ensure the appropriate operating spatial 
mode of the pump laser is achieved An example would 
be a grating based mirror which would not support non- 
radial modes, or mode selective features for cavities 
formed with conventional mirrors. 
[0028] In the embodiment shown in FIGs 7 and 7a, 
the pump laser may take a ellipsoidal form to make a 
confocal cavity so that two signal lasers can be disposed 
at each focus. As noted above, more than two signal 
VCSELs may be disposed in the focal or confocal area 
of the cavity of the pump laser. 
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[0029] A mirror of elliptical shape may be provided 
around the signal VCSEL as an alternative pumping 
configuration. As is illustrated in FIG. 8, this embodiment 
includes an elliptically shaped pump laser 40, construct- 
ed from an elliptically shaped mirror 44c provided 
around the pump laser active region 42 and signal VC- 
SEL 80, The pump and signal lasers are disposed at the 
foci of the elliptical cavity of the pump laser, which is 
defined by the elliptically shaped mirror 44b, so that 
more efficient and intensive pumping of the signal VC- 
SEL 80 can be realised Likewise, the area between the 
signal VCSEL 80 and the pump gain region 40 serves 
to function as a transition region 60 which is also mon- 
olithically integrated with the signal VCSEL 80 and the 
reflective mirror 44c onto the substrate 20, as is illus- 
trated in FIG. 8a which is a vertical sectional view of FIG. 
8. The operation of this embodiment will be similar to 
the previous embodiments, and the pump gain regions 
42 may be disposed as shown or more similarly to the 
case of FIG. 7. 

[0030] As noted above, the same basic structures 
may be applied to extra-pump-cavity pumping as well. 
Extra-cavity pumping requires the signal VCSEL be 
placed outside the feedback cavity of the pump laser, 
allowing the pump laser to oscillate in isolation. The out- 
put radiation from the pump laser is then coupled to the 
VCSEL structure. The above referenced structures can 
be modified to provide extra-cavity pumping of the VC- 
SEL. The key changes involve ensuring the residual 
pump light from one pump source does not destabilize 
the other pump sources. An example of an extra-pump- 
cavity configuration is shown in FIG. 9 In such cases the 
signal VCSEL 80 is placed outside the pump laser res- 
onator formed by the mirrors 44. An additional feature 
is the optical termination region 47, which is desired to 
ensure spurious reflections do not disrupt the operation 
of the pump laser 40. This region can be absorptive, re- 
flective or scattering, the primary objective being to ad- 
equately reduce light returning to the pump laser 40. 
While the extra-pump-cavity pumping configuration is 
advantageous in establishing mode control of the pump 
source, it does not provide the same efficiency in use of 
pump photons. 

[0031] While the present invention has been de- 
scribed with reference to several specific embodiments, 
the description is illustrative of the invention and is not 
to be construed as limiting the invention. Terms used 
herein such as "vertical" in relation to the signal VCSEL 
and "upper" and "lower" in relation to the mirrors are 
terms well known in this art and do not limit the invention 
to any particular orientation when in use Various modi- 
fication may occur to those skilled in the art without de- 
parting from the true spirit and scope of the invention as 
defined by the appended claims. 
[0032] For example, according to the present inven- 
tion, a one- or two- dimensional array of the VCSEL la- 
ser described above may be provided, which is included 
in the scope of the present invention. Any optoelectronic 



package or application comprising the laser device de- 
scribed above may be provided, which is also included 
in the scope of the invention. As will be understood by 
those skilled in the art, the laser device of the package 
5 or application may be monolithically integrated into the 
package or application itself. 

[0033] Furthermore, according to the present inven- 
tion, there may be provided a method of operating a VC- 
SEL, which comprises a step of pumping the VCSEL 

10 laterally with a light emitted from a pump laser. The 
method further comprises a step of providing a mono- 
lithic integration of the VCSEL and the pump laser. Also, 
the method further comprises a step of providing a tran- 
sition region between the VCSEL and the pump laser, 

15 in which a monolithic integration of the VCSEL, the 
pump laser, and the transition region may be provided. 
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Claims 

1 . A laser device comprising: 

a . vertical cavity surface emitting laser (a signal 
VCSEL); and 

a pump laser comprising a cavity, which in- 
cludes at least one active region, wherein the 
signal VCSEL is laterally optically pumped by 
the pump laser. 



30 2. 



35 



5. 



A laser device as claimed in claim 1 , wherein the 
pump laser is monolithically integrated with the sig- 
nal VCSEL. 

A laser device as claimed in claim 1 or 2, further 
comprising a transition region between the signal 
VCSEL and the pump laser. 

A laser device as claimed in claim 3, wherein the 
signal VCSEL, the pump laser, and the transition 
region are monolithically integrated with one anoth- 
er. 

A laser device as claimed in any preceding claim, 
wherein the signal VCSEL is disposed inside the 
cavity of the pump laser. 

A laser device as claimed in any one of claims 1 to 
4, wherein the signal VCSEL is disposed outside 
the cavity of the pump laser. 

A laser device as claimed in any preceding claim, 
wherein the cavity of the pump laser includes a cav- 
ity having a cylindrical form. 



55 8. A laser device as claimed in any one of claims 1 to 
6, wherein the cavity of the pump laser includes a 
cavity having the form of an ellipsoid. 
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9. A laser device as claimed in claim 8, wherein tte 
signal VCSEL is disposed at one focal point of the 
ellipsoid. 

10. A laser device as claimed in claim 9, wherein the 
active region of the pump laser is disposed at the 
other focal point of the ellipsoid. 

11. A laser device as claimed in any one of claims 1 to 
6 t wherein the cavity of the pump laser includes a 
cavity having the form of a portion of an ellipsoid 
which is capable of forming a resonator. 

12. A laser device as claimed in claim 11, wherein the 
signal VCSEL is disposed at one focal point of the 
ellipsoid. 

13. A laser device as claimed in claim 12, wherein the 
active region of the pump laser is disposed at the 
other focal point of the ellipsoid. 

14. A laser device as claimed in any preceding claim, 
comprising a plurality of pump lasers. 

15. A laser device as claimed in any one of claims 1 to 
6, wherein the cavity of the pump laser is formed 
with a plane mirror. 

16. A laser device as claimed in any one of claims 1 to 
6, wherein the cavity of the pump laser includes a 
concave cavity formed with a curved mirror. 

17. A laser device as claimed in claims -16, wherein the 
concave cavity includes a confocal cavity. 

18. A laser device as claimed in any one of claims 1 to 
6, wherein the cavity of the pump laser is formed 
with a plane mirror and a curved mirror. 

19. A laser device as claimed in claims 16,. 17 or 18, 
wherein the curved mirror is arranged so that a 
pumping light from the pump laser is focused onto 
an active region of the signal VCSEL. 

20. A laser device as claimed in any one of claims 1 to 
6, wherein the cavity of the pump laser includes a 
convex cavity. 

21. A laser device as claimed in any preceding claim, 
wherein the pump laser is electrically pumped. 

22. A laser device as claimed in any one o"f claims 1 to 
20, wherein the pump laser is optically pumped. 

23. A laser device as claimed in any one of claims 1 to 
20, wherein the pump laser is a combination of elec- 
trically and optically pumped lasers. 



24. A laser device as claimed in claim3 or 4, wherein 
the transition region is of higher energy bandgap 
than the pump laser emission energy. 

5 25. A laser device as claimed in claim 3 or 4, wherein 
the transition region and the active region of the sig- 
nal VCSEL define a waveguide for emission of the 
pump laser. 

10 26. A laser device as claimed in claims 3 or 4, wherein 
the transition region defines a barrier to the inter- 
diffusion of charge carriers between the pump laser 
and the signal VCSEL. 

15 27. A laser device as claimed in claims 3 or 4, wherein 
the transition region defines a barrier for avoiding 
thermal crosstalk between the signal VCSEL and 
the pump laser. 

20 28. An optoelectronic package comprising a laser de- 
vice as claimed in any preceding claim. 

29. An array of laser devices as claimed in any one of 
claims 1 to 27. 

25 

30. An array of laser devices as claimed in claim 29, 
wherein the array of laser devices is one-dimen- 
sional. 

30 31. An array of laser devices as claimed in claim 29, 
wherein the array of laser devices is two-dimension- 
al. 

32. An optoelectronic package comprising an array of 
35 laser devices as claimed in claim 29, 30 or 31. 

33. A method of operating a VCSEL comprising the step 
of pumping the VCSEL laterally optically with light 
emitted from a pump laser. 

40 

34. A method as claimed in claim 33, further comprising 
the step of providing a monolithic integration of the 
VCSEL and the pump laser. 

45 35. A method as claimed in claim 33 or 34, further com- 
prising the step of providing a transition region be- 
tween the VCSEL and the pump laser. 

36. A method as claimed in claim 35, further comprising 
50 the step of the step of providing a monolithic inte- 
gration of the VCSEL, the pump laser and the tran- 
sition region. 
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